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Abstract

Throughout its adult life, the colonial urochordate, Botryllus schlosseri, produces its entire body,

every week, from endogenous stem cells. In this developmental process, all of the body organs

including heart, digestive system, branchial sac, endostyle nerve cells and others are created de

novo. Here we discover a stem cell niche in these animals- an organ called the endostyle, which

also produces and exports hormones. In this study using a combination of in vivo cell labeling, cell

engraftments, and chimeric fusion techniques, all followed by automated time lapse microscopy

we identifies the endostyle as a stem cell niche that harbors and export adult stem cells to

developing organs, wherein they participate in tissue regeneration.

Introduction

Adult stem-cells are defined by their ability to self renew and to generate differentiated cell

populations that maintain tissues. New studies provide an increasing support for the notion

that stem cells in vivo require input from particularly defined microenvironments known as

“niches” (review in Morrison and Spradling, 2008). Since the hypothesis of stem cell niche

was first proposed, 30 years ago (Schofield, 1978), a few adult stem cells niches have been

identified in invertebrate models (gonads, intestine of Drosophila and germ line

organization region of Caenorhanditis elegans; Crittenden et al., 2002; Gilboa and
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Lehmann, 2004; Kiger et al., 2001; Kimble and White, 1981; Lin and Spradling, 1993;

Nystul and Spradling, 2007; Ohlstein and Spradling, 2007; Tulina and Matunis, 2001;

Wieschaus and Szabad, 1979; Xie and Spradling, 2000). Several somatic niches have been

implicated in mammals (hematopoietic, skin/hair follicle, mammary gland, incisor teeth,

neural and intestine; Barker et al., 2007; Calvi et al., 2003; Cotsarelis et al., 1990; Doetsch et

al., 1999; Harada et al., 1999; Palmer et al., 1997; Potten et al., 2002; Shen et al., 2004;

Tumbar et al., 2004; Villadsen et al., 2007; Zhang et al., 2003). Here we report about the

identification of a novel somatic adult stem cell niche in a simple chordate, Botryllus

schlosseri (Tunicata). Various developmental and regeneration processes in this colonial

organism are mediated by adult stem cells. In a highly coordinated asexual budding process

which occurs every week, B. schlosseri adult individuals (zooids) generate new zooids. This

renewal process includes the generation of all somatic organs (a heart, endostyle, branchial

sac, neural complex, oral and atrial siphons, digestive tract, Fig 1) and the germline (review

in Manni and Burighel, 2006). Genetically distinct B. schlosseri colonies can form natural

parabionts by vascular fusions. Following their anastomosis, cells transmigrate between

colonies (SFig 1; Svideo 1) and often join with host cells and can even replace the germline

and somatic tissues of the host (Oka and Watanabe, 1960; Pancer et al., 1995; Sabbadin and

Zaniolo, 1979; Stoner and Weissman, 1996; Stoner et al., 1999; termed cell parasitism by

Burnet, 1971). We have shown that cell parasitism is determined genetically and is an

inherent property of stem cells (Laird et al., 2005; Pancer et al., 1995; Stoner and Weissman,

1996; Stoner et al., 1999). Under certain conditions colonial tunicates can even regenerate

themselves from the vasculature alone (e.g. Rinkevich et al., 2007; Sabbadin et al., 1975;

Voskoboynik et al., 2007). B. schlosseri thus offers a unique chordate model organism for

studying diverse activities mediated by adult stem cells. Although we could prospectively

isolate germline and somatic stem cells from the bodies of these organisms (Laird et al.,

2005), the location of these cells remained unknown. Our study investigates the site of stem

cells in the adult zooid, and shows that one such site, termed the endostyle niche (Fig 1),

harbors somatic stem cells.

Results

Identifying a somatic stem cell niche in Botryllus

We tested the ability of cells from different sites: 1). to participate in bud generation, 2). to

contribute to vasculature regeneration and 3). to participate in bud generation of host

colonies, following engraftment of cells or fusion between distinct colonies. We used

several approaches to evaluate the involvement of stem cells in these developmental and

regeneration processes.

To identify potential stem cells that contribute to bud development and vasculature

regeneration, we first labeled hundreds of cells in situ in 10 colonies and tracked their

location and migration using automated time lapse microscopy. A massive recruitment of

labeled cells to developing or regenerating tissues was observed in two colonies in which

their endostyle anterior ventral area included labeled cells (Fig 2). Then, we further labeled

10–40 cells at various sites of the colony and tracked their proliferation and location. Cells

were labeled in: a) the anterior ventral region of the zooid endostyle (cells from the
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subendostylar sinus adjacent to the endostyle epithelium; termed endostyle niche EN; Fig 1),

b) the anterior ventral region of the primary bud endostyle c) primary bud lateral wall, d)

zooid lateral wall, digestive system and e) in the colony vasculature (STable 1; n=40

colonies). Time lapse images taken every 30–60 minutes over ~120 hours, and tracking

number, location, expansion and fluorescent intensity of labeled cells revealed that only the

cells from the EN proliferated and migrated to developing or regenerating tissues (secondary

buds, primary buds and regenerating vasculature). Cells from other sites (zooid lateral wall,

digestive system, primary bud lateral wall or vasculature) did not increase in number and did

not home to developing or regenerating organs even when transplanted into the EN

(Supplemental material; Fig 2, 3; SFig1; SVideos 2A, 2B, 2C; STable 1).

Migration of cells from the EN was not restricted to budding regions of the same zooid. EN

labeled cells were also detected in remote buds of other zooids in the colony. Confocal

microscopy analysis demonstrated that labeled cells which migrated from the EN were

incorporated in the developing tissues of the buds (body wall, stigmata; Fig 2) and within

the epithelial cells of the vasculature (regenerated vasculature, following vasculature

removal; Fig 2). To test the capability of EN cells to cross genotypic boundaries in chimeras,

we labeled several cells in one of the chimera partners. Within 14–20 hours, labeled cells

from the EN of the labeled partner appeared at the buds of the other partner (n=3 chimeras).

By contrast, labeled cells from other sites did not reach the other partner buds (STable 1;

n=8 chimeras).

Establishing a Botryllus stemness assay

Further support for the identification of stem cell potential in the EN cells was provided by

transplantation experiments. Transferring cells between compatible colonies can lead to

chimerism and cell parasitism (Laird et al., 2005; Oka and Watanabe, 1960, Pancer et al.,

1995; Sabbadin and Zaniolo, 1979; Stoner and Weissman, 1996; Stoner et al., 1999). The

long term contribution of a few transplanted cells to tissues in the recipient colony is an

evidence for multipotency and self renewal capacities of the engrafted cells. Indeed, single

cell transplantation and serial engraftment assays showed that adult stem cells are the cells

responsible for a stable long term chimerism in B. schlosseri (Laird et al., 2005).

To evaluate the stemness of cells from the EN and to compare them with cells from other

sites, we tested their ability to induce a long term chimerism in genetically distinct but

compatible partners. Donor cells were drawn from the EN, digestive system, or the

vasculature (STable 2). Small amounts of these cells (5–20; Fig 1G) were subsequently

microinjected into the EN or the bud of a compatible recipient colony (58 colonies, STable

1). Somatic and germline tissues were harvested every month during the first 6 months

following injection. Chimerism was assayed by two independent methods: (i) amplified

fragment length polymorphism (AFLP’s), which identifies donor genetic markers in

recipient tissues and (ii) differential pigmentation of the donor and recipient colonies, in

which the chimeras are visible by eye (Fig 4).

We tested 259 DNA samples by AFLP (STable 2). Chimerism was determined when the

genetic fingerprints of the donor were identified in the host, either exclusively or with host

fingerprints (STable 2; Fig 4). Engraftment of donor EN cells led to somatic chimerism in
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50% of the recipient colonies (8 out of 19 transplants, 22 out of 69 DNA samples; STable 2),

whereas cells from two other sites (digestive system, vasculature), showed no sign of

somatic chimerism (0 out of 20 different transplants, 75 somatic DNA samples; STable 2).

Germline chimerism was not observed, irrespective of donor cell origin (0 out of 17

transplants, 31 DNA samples; STable 2).

Cells from the donor EN survived, proliferated, migrated and integrated in the somatic

organs of recipient colonies. Chimerism was detected, 1–2 months following transplantation

and lasted up to 6 months after transplantation (last sampling date; up to ~25 generations of

new buds; STable 2). The capacity of cells from the EN to differentiate into multiple

lineages in the recipient colony was confirmed by a pigmentation-based assay, where 5–20

cells from the EN of a black-pigmented donor colony were injected into a compatible,

orange-pigmented recipient colony. Within 4 months from injection, recipient colonies

changed pigmentation from orange to black and orange mix. This shift was also reflected by

the AFLP markers (STable 2, n=4; Fig 4). Pigmentation chimeras were not observed when

the donor cells were drawn from ampullae or the stomach (STable 2, n=4).

Discussion

Stem cells are rare cells, uniquely capable of both reproducing themselves (self renewing)

and differentiating into a diverse range of specialized cell types. The rarity of stem cells and

the lack of specific markers to definitive identification of stem cells in vivo make it difficult

to confidently isolate stem cell niches (Morrison and Spradling, 2008). In Botryllus colonies,

the unique weekly budding process of somatic self renewal (review in Manni and Burighel,

2006) and the high vasculature regeneration capacities (e.g. Sabbadin et al., 1975, Tiozzo et

al., 2008, Voskoboynik et al., 2007), demonstrate a model organism that maintain high

capacity of stem cell activity throughout life. To isolate stem cell niches’ locations in this

organism we developed several in vivo whole colonial assays. These include a long term

tracking of cell proliferation and migration towards developing organs, surgical

manipulations to induce regeneration activity and various engraftment protocols to evaluate

self renewing ability and developmental potential of engrafted cells. Therefore, our

discovery of the first urochordate stem cell niche is based on direct visualization of cells that

exhibit stem cells functionalities.

The endostyle niche harbors and exports stem cells

In Botryllus colonies an old generation of zooids is replaced every week by a new generation

of asexual developing buds, which outgrow from the zooid’s lateral body wall (review in

Manni and Burighel, 2006). Based on morphological observations, it has been hypothesized

that zooids asexual development in tunicates is mediated by stem cells (Ermak, 1982;

Freeman, 1964). Morphological studies proposed that lymphocyte-like cells (hemoblasts)

differentiate into various tissues and organs (e.g. Freeman, 1964; Oka and Watanabe, 1957;

Rinkevich et al., 1995; Rinkevich et al., 2007; Voskoboynik et al., 2007; Nunzi et al., 1979;

Kawamura and Nakauchi, 1986; Brown and Swalla, 2007; Sunanaga et al., 2006).

Furthermore, transfer of hand-picked ‘lymphocyte’ cells from Perophora colonies was

shown to restore budding in irradiated colonies (Freeman, 1964). In parabionts B. schlosseri
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colonies, cells from one genotype (vascular fused or experimentally transplanted), can

replace the germline and somatic tissues of the host (e.g. Laird et al., 2005; Sabbadin and

Zaniolo, 1979). In a set of single cell transplantation experiments and serial engraftments,

Laird et al., (2005) have further demonstrated precursor-progeny relationships and proved

that the cells responsible for stable long term chimerism or parasitism in B. schlosseri are

indeed adult stem cells, which as a population include both the somatic and germline

lineages. The location of these cells however, remained unknown. Here, three different

experimental approaches independently revealed that cells with the properties of somatic

stem cells reside in the anterior ventral region of the endostyle (the EN). As few as 5 to 20

engrafted cells drawn from a donor EN sufficed to generate a somatic chimerism and

contributed to asexual development of zooids for ~25 asexual generations, demonstrating

long term self-renewal potential. However, these cells do not contribute to the germline.

The endostyle: a niche which governs high demand stem cells activity

Upon demand, adult stem cells are divided throughout life to produce new progeny that

undergoes programs of differentiation and maturation, required to replace old or damaged

tissue cells (Weissman, 2000). In solitary organisms like humans and mice, the demand

usually occurs at low levels and occasionally at high levels; tissue stem cells (for example

blood-forming) are mainly quiescent in cell cycle G0 stage and enter cell cycle when tissue

turnover demands new input (Bradford et al., 1997; Cheshier et al., 1999). In contrast,

Botryllus does not maintain its genome in long-lived individuals, but in colonies where

individuals have a lifespan of ~21 days (14 days as developing buds and 7 days as zooids),

while the entire colony has a long lifespan. To support a complete turnover of the

individuals in the colony every week, the Botryllus stem cell niche must maintain high levels

of stem cell proliferation and outward migration. Indeed, calculation of proliferation ratios

and decline of fluorescent intensity in labeled cells with time revealed higher levels of

proliferation in cells from the EN (versus other sites). Staining for proliferating cell nuclear

antigen (PCNA) revealed that the endostyle is a highly proliferating organ, and that many of

its epithelial cells are constantly proliferating throughout the colony life cycle as well as

circulating cells in its subendostylar sinus (Fig 1). Likewise, the intense migration of cells

out of the EN (compared to other sites) may reflect the export of precursors to developing

tissues. BrdU (5-bromo-2′-deoxyuridine) labeling experiments in Botryllus primigenus also

revealed high proliferation activity in the zooids endostyle and sinuses (Kawamura et al.,

2008).

A stem cell niche is an interactive structural unit, organized to facilitate cell-fate decisions in

a proper spatiotemporal manner (Morrison and Spradling, 2008; Scadden, 2006). Indeed, the

endostyle of tunicates exhibits a special anatomic structure; it is a long glandular groove

extending medially at the ventral face of the zooid branchial sac, along its anterior posterior

axis (Burighel and Cloney, 1997). It consists of eight distinct anatomical zones and is

immersed by blood flow through the large subendostylar sinus and other sinuses (Burighel

and Brunetti, 1971). The endostyle is considered as the invertebrate chordate homologue of

the vertebrate thyroid gland. It exhibits unique spatial and temporal features with site-

specific factors that were previously implicated in developmental regulation and stem cell

maintenance in other systems. These include thyroid hormones, serotonin, Otx, Hox1, Pax
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2/5/8, PL10 and Cadherin (Canestro et al., 2008; Dunn, 1980; Hiruta et al., 2005; Nilsson et

al., 1988; Pennati et al., 2001; Rosner et al., 2006; Rosner et al., 2007). The canonical Wnt

pathway was shown to be involved in stem cell regulation and proliferation in various stem

cells niches (reviewed in Morrison and Spradling, 2008; Scadden, 2006). Two Wnt genes

are expressed in the Amphioxus (Cephalochordata) endostyle during embryogenesis and in

larvae (Schubert et al., 2000). Previous enrichment of stem cells in B. schlosseri was based

on the high enzymatic activity of aldehyde dehydrogenase (Laird et al., 2005) which

delineates stem and progenitor cell in multiple lineages (Corti et al., 2005; Fallon et al.,

2003;; Storms et al., 1999). As might be expected from Botryllus stem cells, we found that

the cells of the EN (epithelial and blood cells) also exhibit high levels of aldehyde

dehydrogenase activity as indicated by the high expression of retinaldehyde dehydrogenase

(Raldh). Thus, the architecture and molecular features of the endostyle are also consistent

with its role as a stem cell niche, but a direct role for these factors has not yet been shown in

the generation and maintenance of the closely associated somatic stem cells.

Our study establishes the anterior ventral region of the endostyle, which includes adhering

blood cells from the subendostylar sinus, as a special stem cell niche. The EN harbored stem

cells participate in organogenesis by migrating out of the niche and homing to developing

and regenerating sites. Botryllus belong to a taxonomic group which is considered the

closest living invertebrate relative of the vertebrates (Delsuc et al., 2006). Throughout life

this model organism exhibits a natural high demand and high activity of adult stem cells;

activity that can be visualized, measured and manipulated in vivo. Characterization of the

various endostyle subsets, and the types and stages of stem cells with which they interact

will contribute to our understanding of how stem cell niches support extensive demand and

utilization of stem cells.

Experimental Procedures

Animals

Colonies of Botryllus schlosseri were maintained as described (Boyd et al., 1986). Colonies

were chosen for the experiments as described in supplementary.

In vivo fluorescent cell labeling assay

Cell drawing, labeling and transplanting were performed under a microscope (Diaphot 200,

Nikon, NY, USA). We used an air compressed microinjector (PLI-188, Nikon, NY, USA)

and a glass needle micropipette (50–60μm diameter sharp tip) to draw cells from one of the

tested sites. Cells were drawn into a glass micropipette which contained 1μl Vybrant DiD

dye solution (emission-665nm; Molecular Probes, Eugene OR USA) diluted in a tunicate

saline buffer (TS; Negm et al., 1991; details in supplemental). The cells in the micropipette

were counted under a microscope, incubated for 5 minutes (room temperature), and then 10–

40 cells (~0.5μl), were injected back into the relevant tested sites (STable 1). As a control,

0.5μl of the dilution solution (TS) was injected. In addition we performed heterotypic

transplantation experiments where ~40 cells taken from the vasculature or zooid lateral wall,

were labeled and injected into the EN (STable 1). In several colonies, including the control
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groups, the vasculature (marginal vessel and ampullae) was dissected away from the

colonies following cell labeling (n=13, STable 1).

Imaging

Time lapse imaging was performed by an automated microscopy (ImageXpress, Molecular

devices Corp., Palo Alto, CA) as described (Voskoboynik et al., 2007). Phase contrast

images and fluorescent images (cy5, maximum emission at 670nm; Fig 3) at varying

magnifications were performed every 30–90 minutes during the first 5 days following

labeling and twice a day thereafter (days 6–8). Time-lapse sequences were generated from

consecutive images of same location.

Proliferation/migration and fluorescent intensity measurements

Labeled cells in organs (zooid, bud, vasculature) were counted using Image J software,

version 1.32j (NIH, USA). Proliferation migration ratios and fluorescent intensity were

calculated on fluorescent images that were taken from the labeling sites, 2, 10 and 30 hours

following labeling (Fig 3; detailed description in supplemental).

Transplantation experiments

Cells and hemolymph from each of the tested organs (EN, stomach and ampullae; STable 2)

were drawn into a glass micropipette as described above. 5–20 cells were microinjected into

the EN or the bud of the recipient colony (STable 2). Cells were counted under the

microscope while being transplanted into the colonies semitransparent body (Diaphot 200,

Nikon, NY, USA).

Genotyping

Somatic and germ tissues were collected every month, 1–6 months following

transplantation. Samples were dissected and flash frozen in liquid nitrogen. 259 DNA

samples were extracted using a modified version of the Hoss and Pabbo protocol (1993) as

described (De Tomaso et al., 1998). The samples were screened for polymorphism using

amplified fragment length polymorphism (AFLP’s). AFLP was preformed as described (Vos

et al., 1995; Rinkevich et al., 1998; details in supplementary).

Histology

Colonies were fixed and sections from paraplast embedded tissues were made, cross and

longitudinal sections (5μm) were stained with Azan Heidenhain or Hematoxyline Eosin as

described (Moiseeva et al., 2004).

PCNA immunohistochemistry staining and Raldh in situ hybridization were preformed as

described (Rinkevich et al., 2007).

Confocal analysis

Vybrant DiD labeled colonies (n=7) were fixed in 4% paraformaldehyde at 4°C (6–8 hours).

Colonies were washed with PBS, cryoprotected overnight in 30% sucrose, and quick-frozen

in optimum cutting temperature (OCT) compound. Frozen sections (5–7um) were cut at
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−20°C from OCT-embeded tissues using a microtome (Bright Instruments, Huntington,

UK). Nuclei were stained with Hoechst 33342 (Molecular Probes; 1uM for 2 min) and

washed with PBS. Samples were analyzed by laser scanning confocal microscopy (Lecia

SP2 AOBS confocal laser scanning microscope with 5 lasers lines).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Summary

Stem-cell populations exist in ‘niches’ that hold and regulate their fate decisions.

Identification and characterization of these niches are essential for understanding stem

cell maintenance and tissue regeneration. Here we report about the identification of a

novel stem cell niche in Botryllus schlosseri, a colonial urochordate with high stem cell

mediated developmental activities. Using in vivo cell labeling, cell engraftment, confocal

microscopy and time-lapse imaging we ascertained the Botryllus endostyle’s anterior

ventral region as an adult somatic stem cell niche. Transplanted cells from this niche

contributed to somatic tissue development and induced long term chimerism in

allogeneic tissues. Labeled cells in the endostyle niche proliferated, transmigrated, and

expanded in regenerating organs and developing buds including buds of chimeric

partners but did not contribute to germline. Cells from other tested tissues did not show

any of above stemness capabilities. Cumulatively, results illustrate the endostyle region

as a stem cell niche that harbors functionally adult somatic stem cells.
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Fig 1. The endostyle niche (EN)
A. A microscopic ventral view of zooid buds and vasculature embedded in a tunic. The

zooid endostyle bathes by cells that flow through its sinuses, with macrophages organized in

islands next to it (role of macrophages in reutilization of materials in a new bud formation

has been shown; Lauzon et al., 2002), digestive system and heart are located near its

posterior end. EN is outlined at its anterior end. B. A cross section of the endostyle zones

(1–8; azan heidenhain). C. A longitudinal section of the endostyle, lymphocyte cells and

macrophages can be seen in its sinus (hematoxylin eosin). D. Potential stem cells,

lymphocyte like cells which were drawn from the EN for the transplantation and labeling

experiments, stained in May Grunwald Giemsa. E. Expression of Raldh (in dark purple) in

the endostyle epithelial (higher at zone 6). Cells in the subendostylar sinus also express it

(arrows) F. Nucleus location in the endostyle epithelial and sinus (Hoechst). G. Expression

of PCNA in the endostyle (brown/arrows). H. Higher magnification of PCNA staining in the

endostyle epithelial nucleus (arrows) andthe digestive system epithelial. endo-endostyle,

EN-endostyle niche, sb-secondary bud, h-heart, ds-digestive system, amp-ampulla, mi-

macrophage islands, bv-blood vessel, lw-lateral wall, A-anterior, P-posterior, D-dorsal, V-

ventral, mac-macrophage, lymph-lymphocyte, numbers-zone number. scale bar A-100μm,

B-H-10μm.
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Fig 2. In vivo labeling and tracing of cells distribution in Botryllus colonies
A. A zooid with hundreds of in situ labeled cells (red) in its body wall, 2 hours post labeling.

B. Same zooid, 32 hours post labeling, labeled cells are observed in the zooid but not in its

buds. C. Labeled cells in the zooid body wall and the EN (outlined), 2 hours post labeling.

D. Homing of labeled cells from the endostyle in panel C to remote buds in the colony, 32

hours following labeling. Labeled cells are detected in the buds (outlined). E. A few labeled

cells in the zooid EN (outlined), 2 hours post labeling. F. Labeled cells in the buds 44 hours

post labeling. These buds were directly connected to the EN labeled zooid shown in panel E.

G. Labeled cells which were transplanted from the vasculature into the zooid EN (outlined),

2 hours post labeling. H. Same zooid 49 hours post labeling, labeled cells taken from

vasculature, did not increase in number and did not home to developing buds. I. and J. A few

labeled cells in 2 different buds (red), 46 hours post EN labeling (confocal images). K. 93

hours following EN labeling, labeled cells are detected in the bud’s body wall and stigmata

(arrows; confocal image). L. Higher magnification confocal image of labeled cells in the

bud’s body wall from panel K. M. Labeled cells in the regenerating vasculature epithelial 93

hours following EN labeling and vasculature removal (confocal image). Vybrant Did

labeling -red, Hoechst nucleus stain-blue, natural autofluorescence (501nm emissions

spectra) –green. EN-endostyle niche, endo-endostyle, b-bud, ds-digestive system, st-

stigmata, amp-ampulla, bv-blood vessel, H-hour. scale bar A-H=100μm, I, J, L =15 μm,

K-50 μm, M=25μm.
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Fig 3. Fluorescent intensity of labeled cells
A. EN (outlined) in a zooid (phase contrast image) and ~14 labeled cells within (B,

fluorescent image), 2 hours post labeling. C. Same EN 10 hours post labeling, fluorescent

intensity of the cells from the EN decreased and expansion of labeled cells in the zooid (~20

labeled cells) is observed. D. 30 hours post labeling ~14 labeled cells detected in the bud

which was directly connected to the EN of the labeled zooid (panel A). At that time ~40

labeled cells were tracked in other buds of the colony. E. Injection of labeled cells into an

ampulla by a glass needle. F. 2 hours post labeling, ~50 labeled cells detected in ampullae

near the injected site. G. 10 hours post labeling ~ 17 labeled cells remained at this site, their

fluorescence intensity did not decrease. H. 30 hours following labeling, ~12 cells detected in

the labeling site, their fluorescence intensity remained unchanged. I. The average

fluorescence intensity in labeled cells from ampullae versus cells from the EN as a function

of time. EN-endostyle niche, H-hour, amp-ampulla, bv-blood vessel, scale bar=50μm.
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Fig 4. Genotype takeover and multilineage differentiation of cells from the EN
In this transplantation experiment, the recipient colony was orange (Panel A) and the donor

colony was black, 4 months following transplantation of few cells from the donor colony

EN, the recipient colony changed its pigmentation from orange to a mixed black and orange

pigmentation (Panel B). The transplanted colony AFLPs genetic fingerprints at that time

reflected the donor genotype (Panel C). D. AFLPs genetic fingerprints of recipient colony

(R), donor colony (D) and the genetic fingerprints of the recipient colony 2–6 months

following transplantation of few cells from the donor colony EN. Five months post
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transplantation the recipient colony became a chimera. ce-known chimera, numbers indicate

number of months post transplantation, *-chimeric colony, arrows indicate AFLP’s markers

which differ between the recipient and the donor colonies. Scale bar = 1mm
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